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ABSTRACT (S)

Three Projectile, Atomic, 279-mm, Practice, Spotting, XN390, Composition
B loaded were fragmented to evaluate fragmentation characteristics. The test
results indicate that the projectile produced an average of 69,137 steel
fragments with an average weight of 2.74 grains, and an average of 15,191
aluminum fragments with an average weight of 3.28 grains, with a mean velocity
of 4876 feet per second. Seventy per cent of the steel fragments, and sixty-
six per cent of the aluminum fragments were in the weight interval of 0 to 1
grain.

In view of the high percentage of small fragments (0 to 1 grain) produced
by the pearlitic malleable iron warhead, further study should be conducted
regarding the use of another explosive filler. Since the brisance of TNT is
less than that of composition B, it is recommended that this warhead be tested
using TNT as an explosive filler.
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1. (U) INTRODUCTION

The Feltman Research and Engineering Laboratories of Picatinny Arsenal
requested that complete fragmentation data be obtained for the Projectile,
Atomic, 279-mm, Practice, Spotting, XM390, incorporating warheads of pearlitic
malleable iron that have undergone heat-treatment conditions to have a 50,000
psi minimum yield.

2. (S) DESCRIPTION OF MATERIEL

The Projectile, Atomic, 279-mm, Practice, Spotting, XM390, consists of
the following components:

a. Body - A thin-walled shell, 14.84 inches long and varying from 11.03
inches to 4.70 inches in diameter by following a 100-inch radius
curve, and machined from 75ST6 aluminum forging (DWG AA-44-931,
Reference 1).

b. Antenna - A dummy antenna for training, aerodynamics, and moment-
matching purposes; machined from steel bar stock ClOlO; 6.66 inches
long and varying from 4.14 inches to 2.25 inches in diameter. The
antenna also forms a part of the gas seal to keep propellent gases
from entering the rear body (DWG AA-44-898, Reference 1).

c. Support, casing - Used to mount the HE warhead and consists of a
ring 10.46 inrjeb in diameter with a boss for transmission of set-
back from the rear body. The support has eight mounting lugs which
when mated with the lugs on the warhead transmit the warhead launching
accelerations to the body (DWG AA-44-899, Reference 1).

d. Windshield - Fibrous glazs mats for reinforcing plastics, and resin,
low pressure, laminating, type I, specification MIL-R-7575 (DWG AA-
44-897, Reference 1).

e. Warhead Assembly - A pearlitic malleable iron ball with 8.96-inch
outside diameter and 8.11-in-h inside diameter. The warheads were
subjected to a heat-treatment process that gave a minimum yield of
50,000 psi. Each warhead was loaded with 16.33 pounds of composition
B explosive (Ammunition Lot No. PA-E-30299; DWG AA-44-918, Reference
2).

The projectiles used for fragmentation testing were incomplete and did
not include the fin, shroud, setting dial, option switch, and tactical fuze.

The following materiel was used in this test:

a. Three body assemblies for Projectile, Atomic, 279-mm, Practice,
Spotting, XM390 for fragmentation tests only, ammunition Lot No.
PA-E-30478.

3
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b. Three pearlitic malleable iron warheads for pru~ectdLlc, .J3

ammunition Lot No. PA-E-30299.

c. Three Fuzes, PD, M51A5, modified for static firing, no lot number.

d. Three Blasting Caps, Electric, Type II.

3. DETAILS OF TEST

3.1 (U) Facilities

A rectangular arena arranged around the ammunition was used for the
fragmentation test. The arena was divided into a recovery-surface area of
180 and a velocity-target area of 1800.

The fragment-recovery area consisted of a wooden structure containing
4- by 3-foot by 1/2-inch sheets of coipos:tt.- (ln wallboard placed upright to a
depth of 4 feet. This wallboard 'I -6-o 100 zones: annular zones
from 00 to 450 and 1350 to 180'; '- ,.. con, 450 to 1350 (zone 1, 00
to 50; zone 2, 50 to 150; zone 3 i;•, . ure 1). The perpendicular
distance from the center of gravi.tb , J'*,.,,(.;,'le to the composition wall-
board at 00, 900, and 1800 was 2_.,o'( atL, (sc(c !'1Lture 1). In addition, two
boxes, 4 by 8 by 3 feet in depth, were filled with composition wallboard and
placed outside of the test arena. One was placed at the nose end or 00, and
the other at the base end or 1800, both 35 feet from the center of the test
setup. These recovery boxes were used to obtain additional data from the nose
and base fragments. This was accomplished by subtending the arc of both zone
1 -on the nose box and zone 19 on the base box, making it possible to recover
a better sample of fragments that had penetrated the wallboard in these two
zones. Figures 1, 2, and 3 show a plan view and photographs of a typical
fragmentation test setup.

Two 1800 vertical walls, 8 feet high and .6 inches apart, with vertical
supports placed at 4-foot intervals, comprised the fragment-velocity setup.
The outer wall contained 24 sheets of duralumin, each 4 by 8 feet by 0.020 inch
thick with the outside surface painted black, and gridded into 2-foot horizontal
sections and 19 zones vertically, corresponding with the zones gridded on the
wallboard. Figures 4 and 5 show velocity target gridding. The perpendicular
distance from the center of the ammunition to the duralumin at 00, 900, and
1800 was 24 feet. The inner wall of the setup was composed of 0.002-inch
aluminum foil used as a reflector for the number 22 flashbulbs which were
placed at intervals between the walls (nine bulbs for each 4- by 8-foot target
area). These flashbulbs were timed to reach their maximum brilliance when the
fragments perforated the velocity targets. Flashbulbs were also placed around
the outside of the arena to illuminate the velocity targets so that a record
of the gridding would be visible on the high-speed film. The flashbulb function
was synchronized by means of an electric sequence timer which assured that the
outside bulbs would be out before the fragments struck the velocity targets.

4
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Figure 2 - S18-O0l-1385-7-IT/(PD-60: Typical View of Test Setup,
Showing Zoning for Fragnent Recovery.
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Figure 4~ -Sl8-001-l385-7-AiT/CRD-6o: General View of Velocity Targets
Shoving Gridding.
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In order to obtain additional information an velocity levels of the

steel and alulmnum fragments, two recovery boxes, each 8 by 4 by 3 feet in depth,
filled with composition vallboezd and faced with a sheet of 0.020-inch duralumin
painted black, were placed on top of the recovery setup, one at 450 and the
other 1350 from the nose of the projectile. These velocity-recovery boxws were
used to correlate the recovered fragments with their respective velocities for
Round 3 only. However, insufficient data were obtained to add any information
regarding distribution (see Analytical Laboratory Report, Appendix B).

Four high-speed motion-picture cameras operating at a speed of approxi-
mately 10,000 frames per second and equipped with frequency standards and elec-
tronic timing devices were positioned around the targets to photograph both the
detonation of the projectile and the impact of fragmnts on the velocity targets.
To record the instant of detonation for zero time, the cameras were focused on
the shell through the viewing holes in the velocity targets. Views of the
flaauhbulb reflectors and cardboard cylinders in position are shown in Figures 4
and 5.

0pM 80-16, Volume IV contains further details of flashbulb installation
and velocity measurement technique.

A richochet stop was provided for both the recovery area and the velocity
targets to prevent fragments that struck the ground from ricocheting into the
recovery or velocity panels. OPM 70-90, Volume I, contains other details on
fragmentation procedure.

3.2 Procedure

(U) The projectile and component parts were weighed and the recorded
weights are shown in Table I.

Ta'ble I (S). Projectile, Atomic, 279-rn, Practice,
Spotting, XM390, Lot No. PA-E-30478

Weight Weight
Weight Weight Fuze Weight Casing
Warhead Antenna M51A5 Explosive Support Weight

Round Warhead Metal Assembly, (Mod), Composition and Body Windshield,
NO. NO. Parts, lb lb5  lb B lb lb5a ba

1 PA-64-59 27.60 5.85 1.50 16.63 10.73 5.92
2 PA-65-59 27.53 5.85 1.52 16.47 10.73 5.92
3 PA-66-59 27.53 5.85 1.50 16.67 10.73 5.9ý

aNominal weights, data supplied by Picatinny Arsenal (see correspondence,

Appendix A).

(U) Each projectile was assembled with Fuze, PD, M51A5, modified for
static firing, and placed individually on a wooden pedestal at the center of
the setup. The pedestal was constructed so that the horizontal centerline of
the projectile corresponded with the horizontal centerline of both the recovery
boxes and velocity targets. The nose of each projectile pointed toward the

8
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edge. of the composition wallboard and velocity targets at 00. The projectile
was detonated by using a blasting cap, electric, type I1 initiated by a 110-
volt power source.

(U) After detonation of each projectile, a plot of the position of
each hit in the duralumin targets was recorded on graph paper and correlated
with the image of hits obtained on the high-speed film. The individual frag-
ment velocity was computed from the known distance of the shell to the target,
and the known fragment travel time obtained from the high-speed film.

(U) The fragments that impacted in the wallboard were located by
using an electronic metal detector. They were then recovered, identified as
to zone, cleaned, weighed, separated according to type of metal (steel or
aluminum), and segregated into weight intervals.

(U) A sample of the recovered fragments, identified by zone and
weight groups, is shown in Figures 6 and 7.

(U) Tables II, III, and IV identify the fragments by zone number,
weight, and type of metal for each weight interval.

, a

,4 .... .

Figure 6 - S18-Q0l-1385-7-6T/ORD-60 (S): Recovered Fragments of Projectile,
279-=a, X1390, Composition B Loaded, Zones 1 to 11.
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IL I , * * I *

=== ===== === . .. ... -

. ... . . . .... .

Figure 7 - sI-0OOI-1385-7-5T/CRD-60 (S): Recovered FragMents of
Projectile, 279-mn, 20390, Composition B Loaded, Zones 12 to 19.
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3.3 Aal,,, of Data

(11) The inial velocity (Vo) of the fragments was obtained by using
the folloMing equations

V0 -_ Vp •'- hr

Vp= photographic velocity, fps.
r distance frem projectile to target, feet°

mr the representAtivo fragment weight,9 grins.i
a = 12 K -2/3; wher K is the f men shpe fct, p is the

air denrity in grdw/in.h, and KA i the representativ, frag-
ment drag coeffic.ent.

(U) For a more ocmplete and detailed deflnition see Appendix B.

(U) Since no separation of the photographic velocities was possible
for the two types of metal, the initial velocities were computed using the
drag characteristics for steel fragmnts, These initial velocities were then
-csidered applicable to both the steel and alwmimm fragments.

(U) The initial fragment velocities o and the density of fragments
per steradian fo each 10-degree inarement, are showh in Table V. See Figure
8 for a graph of density and initial velocity.

Table V (S). Average Fragment Velocity and Density,
Ronds 1., 2, and 3

Initial Density, Fragments
Velocity., Per Stersadan

Zone Dpf'sSteel Aluimdmu
1 0 3300 1 ' a
2 103700 624 a
3 NO 4550 4%5 a
4 30 4900 4114 a
5 40 5050 3032 a
6 50 5050 2145 a
7 60 5300 2239 a
a 70 5450 1795 a
9 80 5350 6272 192

10 90 4900 2095 599
I 100 5000 2672 1479

12 110 4650 2735 2046
13 120 5150 4713 3648
14 130 6350 8963 1642
15 140 6200 14206 41M
16 150 5600 14638 5077
17 160 4700 23300 4414
18 170 3950 14363 2238
19 18O 3500 8491 698
aNo alwim fragments recovered In Zones 1 tor 9
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(U) Table VI preenuts the omier and weight of fragwmnts recovered.

Table VI (S). Actual Fragment Recovery

Steel Framents Alumimm Fr-agents
TotalS Averageb Totaln Averagec

Round Weight, Total' Weight, Weight, Total& Weight,
No. No* gr • No. g-

1 54,623.25 5366 2.07 21,224.33 810 2.87
2 54,876.13 4047 2.83 20,638.4. 709 2.65
3 55,824.79 4984 2.32 20,423o91 877 2.06

&Including fragment recovery from the extra nose and base boxes placed at 35
b feet.

T•e average steel fragment weights were determined by excluding large fuze
and antenna pieces which did not break up. From all three rounds one large
fuze fragment weighing approximately 4500 grains was recovered. From rounds
1 and 2, one large piece of the antenna weighing 38,500 grains was recovered,
and from round 3 two large pieces with a combined weight of 40,515 grains
were recovered.

The average aluminum fragment weights were determined by excluding one large
fragment, weighing approximately 18,750 grains, from all rounds. This frag-
ment was from the rear part of the projectile body.

(U) Table VII presents the integrated fragment data.

Table VII (S). Integrated Recovery Data

All Fragments Excluding Large Fragments
As Inte- No. Inte- No. Avg

Rd Fired grated of Per Cent grated of Frag
NO. Wt, lb Wt_, lb Frg Recovr Wt, lb 4W X4 !. .E

Steel Frasments

1 34.95 28.28 59,860 80.9 22.05 59,858 2.58
2 34.90 27.16 47,937 77.8 20.95 47,935 3.06
3 34.68 28.68 59,410 82.7 22.36 59,407 2.63

Aluminum Fragments

1 - 10.73 8.93 11,164 83.2 6.23 11,163 3.90
2 10.73 7.64 10,476 71.2 4.96 10,475 3.32
3 10.73 7.44 12,099 69.4 4.78 12,098 2.77

43
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(U) Table VIII presents the integrated data scaled to 100 per cent

recovery.

Table VIII (S). Integrated Data Scaled to
100 Per Cent Recovery

Scaled Weight Scaled Average Fragment
Round No. of Excluding Large Weight Excluding

No. Fra•ents Fragments, lb Large Fragments, E

Steel Fragments

1 73,986 27.25 2.58
2 61,598 26.92 3.06
3 71,826 27.04 2.63

Average 69,137 27.07 2.74

Aluminum Fragments

1 13,419 7.48 3.90
2 14,708 6.97 3.32
3 17,447 6.90 2.77

Average 15,191 7.12 3.28

(U) The total number of fragments produced was determined by the follo-
ing equation:

f2 If 0-' (0) SIN Q•

where 7- (o) Scaled number of fragments per unit solid angle (Steradian).
- Angle from axis of shell as measured from the nose. See

Table V for fragmnt density per steradian.

(U) Table IX presents the per cent of weight and number of the scaled
fragments (100 per cent) for each weight interval based on the averages of all
three rounds.

Table IX (S). Per Cent of Weight and Number of the
Scaled Fragments for Each Weight Interval

Steel Fragents Aluminum Fragments
Weight Per Cent Per Cent Average Per Cent Per Cent Average

Interval, of of Weight, of of Weight,
re Number Wr weight Number gr

0 - 1 4.84 69.56 0.25 4.13 66.1o 0.31
1 - 2 3.85 9.48 1.43 2.85 9.98 1.42
2 - 5 8.51 9.42 3.18 6.89 10.31 3.30
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Steel Frasnonts Alv Fawginndo

Weight Per Cent Per Cent Awveage Per Cent Per Cent ALwre4P
Intwea, of of eght, Of Of Weight,

Er , Weight Number ' r weight Number Er

5 - 8 6.79 3.75 6.38 4.67 3.66 6.31
8- 10 3.74 1.48 8.94 3.57 1.95 9.02

10 - 15 7.50 2.12 12.22 5.02 2.06 12.06
15 - 20 5.88 1.21 17.22 4.08 1.19 16.93
20 - 25 4.97 0.78 22.36 5.14 1.12 22.68
25 - 35 7.19 0.87 29.29 10.00 1.71 28.88
35 - 50 5.75 0.49 41.10 10.14 1.19 42.00
50 - 60 3.43 0.23 53.55 2.50 0.24 52.58
60 - 70 3.53 0.19 64.55 2.62 0.20 65.75
70 - 80 2,22 0.II 73.92 2.55 0.17 75.69
SO - 90 1.00 0.04 84.41
90 - 100 1.83 0.07 92.36 2.15 0.12 90.74
100 - 125 1.37 0.04 3.10.84
125 - 150 0.95 0.02 136o35
150 - 200 2.18 0.05 167.22
200 - 250 0.91 0.02 208.25
250 - 300 0m04 a 255.00
300 - 400 0.07 384.00
400 - 500 0.39 429.95
500 - 750 0.42 650.06
750 - 1000 0.35 789.86

Over 1000 22.30 18,822.02 33.69 0.01 18,751.70

a8 cmbLning the wmight intervals of 250 gmins and above, the total mumber
of steel fragmnts is 0.012 per cent.

(S) The tabulation of Tables VIII and IX show! that an eexmmy large
umber of fragments results from this projectile. From an avezrge of three

rounds, 70 per cent and 66 per cent of the steel and aluminum fragnts,
resectively', are in the smallest weight interval, 0 to 1 gain. This high
percentage of fragments accounts for. only 4 to 5 per cent of the total weight
of both steel and aluminum, It is also in this weight interval that the
difference of approxtmtely 11.,000 fragments occurs between the number of
steel fragments for Round 2 and that of the other two rounds. The number of
fragments excluding fragments in the 0 to 1 grain weight interval is given
in Table X.

Table X (S). Scaled Number of Fragments, Excluding Fragmnts
in 0 to 1 Grain Weight Interval

Round Steel Fragments Aluuminu Fagments
er Number Per Cent Vawer Per Cent

1 19,516 26.4 4327 32.2
2 21,144 34.3 5488 37.3
3 22,480 31.3 5635 32.3

Average 21,048 30.4 5150 33.9
45
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4. (8) coMusIoM

It Is concluded that:

a. ProjectL*L~, 279-ua, 11090, Coposition B loaded, wil produc an
average of 69,137 steel fragmnts with avemp weight of 2.74 gains,
and an average of 15,191 alwLm bufmr nts with a-avzugse weight
of 3.28 psins, with a mean initial velociV of 48% feet per second.

b. S6vnty per cent of the total number of scaled steel fragments wor
in the weight interval of 0 to 1 grain.

c. Sixty-six per cent of the total number of scaled aluminum fragmnts
were in the weight interval of 0 to 1 grain.

d. A lethplity stuJ7 is being conducted by Weapons System. Iaboratory,
ML and the results win be izluded in their report.

5. (S) RBco1MIh3 M.~I

In view of the high number of stU. fmagtmts (0 to 1 grain) produed
by the pearlitic malleable Lrn arbhead, further studr should be conducted
using another explosive filler. Since the brisance of TNT is less than that
of Compceitin B., it is recmmended that the varhead be tested using TNT as
an explosi fflmer.

SUBMflT2Es

Ordm~nae Technician

Chief, Tm'inial Effects Chief, Infantry and
and Special Projects Branwh Aircraft Weapons liviimn

APEOVEDs

Assitant Deput Director
for Enginering Testing
Developmnt and Proof Services
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1. Technical amorandmu Report CMBB-.TS5-12. Feltman
Research and Engineering Laboratories, Picatimy
Arsenal, Dover, N. J.

2. Technical Ibmomvmnu Report ORMB-TI-391. Feltman
Research and Engineering Laboratorles , Picatirn•y
Arsenal, Dover, N. J.
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SECRET

ORDNANCE CORPS

PICATINNY ARSENAL Cor.e ino. 4

DOVER, NEW JERSEY i' . E.Barrieres/ss/3&w

IMMiPLY M!

V= A UAUC AND ,NaIOaUBINa LABORATORIUM

SUBJZXTt Projectile, Atomic, 279111, Practice, Spotting, M390,
(Project TN2-8051) (C)

TO: Commanding General
Aberdeen Proving Ground
Aberdeen, ..aryland
ATTENION,: ORDJSG-DP-TI, 11r. 1i. Raabe

(C) 1. It is requested that complete fragmentation data be
obtained for the 101390 Projectile at various heat treat conditions
on the malleable iron warhead. Three projectiles are furnished in-
corporating warheads of 70,000 psi minimu yield, three of 50,000 psi
minimum yield and two each of 32,500 psi minimum yield. T1he desired
data should include fragment velocity, fragment mass and spatial
distribution. This data should be segregated by heat treatment in
order to evaluate the effect of heat treat on lethality. Fragment
velocity is expected to be in the order of 6,000 ft./sec.

(U) 2. It is desired that the Analytical Laboratory oversee the
test procedure and set-up. Further, it is desired that the Analytical
Laboratory reduce the data obtained and put the information in a form
acceptable to the Weapons Systems Laboratory of the Ballistic Research
Laboratorios.

(u) 3. The Weapons Systems Laboratory of BRL is requested to
calculate the lethality of each of the three heat treat conditions
based on the fragnentation data furnished.

(u) 4. The average metal parts weight of the warhead alone is
appro-iiaLtely 27 pounds; the charge is 16.33 pounds of Composition B.
The actual measured metal parts weight and charge weight will be in-
cluded on data cards which vill accompany the shipment.

(0) 5. Drawing No. AA-44-929, inclosed, shows the complete
projectile assembly. Only the outer envelope of the projectile will
be used; i.e., only those components affecting fragment velocity or
distribution. Also inclosed is Drawing AL-44-921i the warhead
loading assembly.

A-i
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ORDBB-T35
SUBCTo Projectile, Atomic 2791M, Practice, Spotting, XH.)0

(Project TIM--80o5)C)

(U) 6. Funds for this work are available at your Proving Ground
on Project TN2-8051, 01 Code #5530.12.533AD.12.

(5) 7. Since this item is part of the Davy Crockett program,
test scheduling and data reduction should be conducted as soon as
possible in accordance with the high priority assigned to this program.
It is desired that notification of the test date be furnished at
least three days in advance of the test to permit attendance by
interested Arsenal personnel.

FOR THE COMVANIER

A

4Incls A~jstan~t
1. Dwg. No. AA-44-929
2. Dwg. No. MA-44,921 (U

CCa
APG, ORDBC-D&I w/o Incls

Analytical Lab
APG, ORDBG-BRL w/o Incls

Weapons Systems Lab.
OSWac W/o Inis

2
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ORDNANCE CORN1
PICATINNY ARSENAL

DOVZ& NEW JZERSE 11. SBarrieres/ss/6208

3313To 70l .4" -3 PM
V3L7VAV,3UA3eN AND UNGDIUMUNO LAaORATORM

SUBJECT: Weights of Components of 2,1390 Fragmentation Frojectiles

TO Commanding General
Aberdeen Proving Ground
Aberdeen, l hryland
ATTEi'TIOIls ORDI3G-DP-TI, ,Mr. MI. Raabe

1. In accordance to your request, forwarded are the component
weights of the T4390 fragmentation test projectiles, lot number
PA-E-30478. Actual measured weights were not recorded for the shell
components so that the weights supplied are nominal weights for each
component. Individual sorialized meights are supplied for the war-
heads metal larts assembly, loaded warhead, and assembled projectile.

2. It will be noted that weights are supplied for those tom-
ponents of the incomplete projectile as supplied for testing. Not
included were the Fin, Shroud, Setting Dial, Option Switch, and
Tactical Fuze.

Shell Coi)onent Weiohtst

Windshield, AA-44-897 5.92#
Antenna, M-44-898 including Retaining Nut, AA-44-901 - 5.85#
Casing Support, AA-44-899 3.35#
Body, AA-44-931 ?.38#

Serialized Warhead Weiahtes

Warhead s/n PA-64-59.
Metal Parts (unloaded) 27.6#
Loaded Warhead 4423#
Comp. B charge (by difference) 16.63#
Total Projectile Weight* 66.3#

Warhead s/n PA-65-59
Metal Parts 27.53#
Loaded Warhead "400#
Comp. B charge 16.47#
Total Projectile Weight* 66.80'

'Projectile Weight measured with lifting plug installed in warhead.



;UWW~T: Weights of' Coiriponnts of 21390 Frarloiftvtion Projecti1om

Warbicac S/n U-4-C-59

Loa.-.ed 1-.trhoad 44. 041
COwn. D3 charje 16.67a1
Total 1h'ojectl-le Weight* 65.9W41

FOR~ TIME COI-2!.VMDE

E. H. BUCHANAN
Assistant

2
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A1,MXX B

Analytical Liaboratory Report 60-AL.31.
U march 3960

Title: Results of Fragmentation Test of 279a Projectile, XKD90

Project No.: TN2-8051//oo

Prepared for: Bomb & Fragmentation Branch, Int & Aeft Wpas Div

(u) INlODUMION

A static fragmentation test vas conducted to obtain velocity, mass and
spatial distribution of fragments for the 279mm, XH390 Projectile. Three round&
were tested for this purpose. These rounds were Comp B loaded and had varheads
of pearlitic malleable iron with a yield strength of 50,000 psi* Also, the
rounds were tested vithout the fin assembly. This report discusses the procedure
used to obtain the data and presents the data in the form required by EWAC for
lethality studies.

(U) E8CRMION OF TEST ARA

A square fragmentation arena vas used for this test. In this arrangement,
the recovery area consists of 4 ft by 8 ft sheets of cellotex stacked to a
suitable depth and placed in a rectangular pattern from 00 to 1800 as measured
from the nose to the base of the shell. The other side of the arena, also
rectangular, van used for velocity measurement. The velocity panels consist of
4 ft by 8 ft sheets of 0.020 inch duial with photoflash bulbs mounted behind them
for backlighting, and alvminum foil to serve as a reflection surface.

Since the shell is symmetrical about its axis, the fragmentation character-
istics are assumed to be symmetric, i.e., the fragment velocity, density, and
spatial distribution obtained from one region are assumed to be equivalent to
those of the symmetrically located region. Because of the possibility of
irregular shell break-up In the nose and base areas, recovery boxes vere placed
outside the velocity targets at the nose and base ends.

The recover7 area vas divided into angular intervals or zones, n=merd
1 through 19, from the nose to the base of the shell. Zones I and 19 covered
the angular Interval 00 to 39 and 1750 to 180 respectively,, as measured from
the axis of the projectile. Zones 2 through 16 covered the angle from 50 to 17r
for each Interval of 100. The extra recovery boxes vere placed at the nose, to
recover fragments In areas ••metric to Zones 1 and 2, and at the base to recover
fragments in aea symmetric to Zones 18 and 19. The rounds for this text vere
located vith the bass (antenna) directed tovard 180W.

The velocity panels vere also divided into noaes corresponding to those of
the recovery ares. To aid In locating hits on the film for velocity measurements,
horizontal lines 2 feet apart, vere pointed an the panls.

S E" C R E - 1 :1 , .'- ( , ,; 1. 1
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A sketch of the teet arena is shown In Figure 1, Inalosue 1.

(u) ProC=Dt FO oumno DATA

Weight of Fragments

After each round was detonated, the fragments were recovered from the
cellotex, located with regard to zoneiseparated according to type of metal (steel
or aluminum), and weighed to an accuracy of 1% or a minion of 0.01 grains.

Velocity of Fragments

High speed cameras (approximately 10,000 frames per second) were positioemd
so as to view the dural targets. The flashes of the fragment Impacts on the
dural were then recorded on the film record along with a mllisecond time base.
The flashbulb backlighting provided an additional source of light and made possible
the recording of impacts that were produced by fragments with velocities too lem
(les than approximately 1700 fps) to produce a flash. The backlighting also
provided more even Mluminaton of each perforation then that normally obtained
from impact alone, The photographic velocities, Vp, were determined from the
time of flight for each fragment and the known travel distance. These distances
from surface of shell to the target were calculated in such a manner that the
error in the travel distance was less than 1%. The velocities were then grouped
into the same angular intervals as the fragment weight data.

A detailed description of the methods used in collecting and reducing
fragmentation data Is contained in Report No. D&PS/Misc/306 dated September 1959.

(U) REDUION OF DAT~A

Initial Velocity of Fragments

The initial velocitles, Vo, of the fragments for each angular interval were
obtained frma the equation

whoe aa 12Xdjo r2/3I j z
A

The parameters needed $o evaluate Vo b1 this relation were obtaimed as
follows:
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- Potorapicvelocity (fps) is the median of the velocities for each
rne. T~ese vel~ocities were determined by the relation r/t were r was the
travel distance and t van the time of flight.

14 - The value of Nd (rag coefficient) a .64 vas obtained by detemining
an average value for 14 over the range of fragment velocities. Yd as a function
of Mach ==mber for a particular shaped fragment vas obtained from NM Report
No. M4-915.

p - For air density a standard value of .3o1332 grains/in. 3 (standard at
ANO) vas adjusted to conditions at the time of firing by using the relative air
density obtained from the Meteorological Section, Development and Proof Services.

K - The fragment shape factor vas determined fram the relationship 4/A'3/2
where a Is the fragment veight In grains and A is the average presented area of
the fragment. A sample of steel and aluminum fragments vas selected frem the
fragmented rounds and the presented areas vere measured by means of the icosahedrem
gage at NtL. FrCm a least square fit of K and 1, values of 719 and 296 vere
determined for K for steel and alumiinu fragments, respectively.

m. - The representative fragment veight vas determined as the fraent veight
corresponding to the median of the number of fragments recovered but excluding the
heavy fragments and those in the 0-1 grain interval.

Number and Density of Fragments

The soaled total nmLber of steel and aluminum fragments for eaoh round vas
calculated from the scaled fragment densities obtained from the recovery data.
The total number of fragments N vas calculated by the equation

N 1f~ (0) Sin 0d 0

vhers 0 is the angle from the nose end of the shell a•is and C((O) is the sealeo
number of fragments per unit solid angle for each 100 laterval. The term "b"ale"
refers to an adjustment of data based on the percent of recovery.

The calculated results awe tabulated for each round and for the wsmeae=N
average in Incloswre 2. The data are arranged In the fors required by the UIAO
code for the oeutatIon of lethal areas. The fragneat graq density,, ad the
median Initial veloclty, To, wae given for each 1O° interval fra 00 to 180W.

B-3
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The mean, ma of the fragment weights, in each weight interval and the ratio, q,
of the number of frag•nts in each weight interval to the total number of
fragments in the angular interval are given for each weigt and angular interval.

It should be pointed out that the values of velocity, density, etc. that
are tabulated for each angular interval, were computed from data obtained for a
given angular width. Therefore, these are considered to be average value.
applicable 'at the midpoint of each angular interval, i.e., values given for
o - 600 were derived from data obtained from 0 - 55 to a - 656.

Graphs

Oraphs of the pertinent data: distribution of fragment weight and number,
density, and velocity are presented in Figures 2-10, Inclosure 1.

(s) DISCtESICEI OF BESULI!
The following table shove the weight data supplied by Picatinny Arsenal for

the three rounds.

Weight in Pounds

Casing
Rd Warhead Explosive Antenna Support Wind-
No. Metal Parts Filler Assemb&ya 2 sheldt Total Fuse

1 27.60 16.63 5.85 10.73 5.92 66.50 1.50
2 27.53 16.47 5.85 10.73 5.92 66.80 1.52
3 27.33 16.67 5.85 10.73 5.92 65.90 1.50

afominal weights
bxodified MK5A5 fuze supplied by APN

Two types of metal, steel and aluminum, were primarily involved in the
fragments of these rounds. For the weight of the steel in each round, the weights
of the warhead metal parts, antenna assembly and fuze were combined. For the
aluminum components, the casing support and body, the nominal veight shown above
was used for all three rounds. The windshield was non-metallic and appeared to be
a molded plastic with cord reinforcing, So reduction of data was performed
involving the vindshield.

SECRET
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The weight and. uber of fragments actually recovered. are as folleos:

Actual Recovery Data

Steel fra• nts Aluminum Freaents
Rd. Tota Ttal Total Ave Wt,,
No. W _N. r Wt, No._=.

1 54623.25 5366 2.07 21224.33 810 2.87
2 5W876.13 IW47 2.83 20638.44 709 2.65
3 55824.79 4984 2.32 2423.91 877 2.06

$The average steel fragment weights were determined by excluding large fuze
and antenna parts which did not break up. For all three ro•ude one large
fuze fragment weighing approximately 4500 grains was recovered. For Rounds
1 and 2, one large piece of the antenna weighing approximately 38,500 gains
was recovered and for Round 3 two pieces of antenna with a combined weight
of 10,515 grains were recovered.

bThe average aluminum fragment weights were determined by excluding one large
fragment weighing approximate7 18,750 grains for all rounds. This fragment
was from the rear part of the body around the antenna.

Integration of the actual recovery data to account for complete fragmentation
data (360W around the axis of the shell) resulted in the values given in the
following table.

Integrated Recovery Data

MLo t. lb~ Frg Wt, lb, Frage Wt
Steel Fragments

1 28.28 59,860 22.05 59,858 2.58

2 1.6 47, 937 20:95 147, 34062.6.6 59,410 22.36 59,"M.6

Aluminm Fraemants

1 8.2 n0,1614 6.23 11,163 3.90
2 7.6i 10,176 .4,96 10,14)75 3.32
3 7.44 12,099 4.78 12, 2.77

5ee motes a and b above.
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Since similar large fragments were recovered for all rounds for both
the aluminum and steel, the recovery percentages were computed using the
above total integrated weights. All rounds were then "scaled" or adjusted
to 100 percent recovery. The recovery percentages and scaled data are presented
for each round and the average of the three rounds in the following tabU.

Steel Fratments Aluminum Fragments
Scaled Scaled

Rd As-fired Percent No. of Ave Frag As-Fired Percent No. of Ave Frag
No. Wt, lb Recovery F _ Wt, gr Wt. lb Recovery Fxs Wt r

1 34.95 80.9 73,986 2.58 10.73 83.2 13,419 3.90
2 31.390 77.8 61,598 3.06 10.73 71.2 14,708 3.32
3 31.68 82.7 71,826 2.63 10.73 69.4 17,447 2.77
Ave 34.84 80.5 69,137 2.74 74.9 15,191 3.28

The above tabulation shows that an extremely high number of fragments results
from this projectile. However, from the plot of the percent of weight and number
of fragments versus weight interval Figures 4 and 5, Inclosure 1, it can be seen
that for the average of the three rounds 70% and 66% of the steel and aluminum
fragments, respectively, are in the smallest weight interval, 0-1 grain but that
these high percentages of fragments account for only 4-5% of the total weight of
both steel and aluminum. It is also in this weight interval that the difference
of approximately .1,000 fragments occurs between the number of steel fragments
for Round 2 and that for Rounds 1 and 3. A comparison of the number of fragments
excluding fragments in the 0-1 grain weight interval is given below.

Scaled Number of Fragments
Excluding Fragments in 0-1 Grain Weight Interval

Rd Steel Fragments Aluminum Fragments
No. Number Percent of Total Number Percent of Total

1 19,519 26.4 4327 32.2
2 21,1144 34.-3 5488 37.3
3 22,4.80 31.3 5635 32.3
Ave 21,048 30.4 5150 33.9

Reference to the plot of accumulated number of all fragments versus angle
0, Figure 8, Inclosure 1, shows further that the differences in steel fragments
for Round 2 occurred in the rear part of the projectile for an angle 0 from
approximately 1200 to 160o.

B-6
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The differences In the number of aluminum fragments for each round oOaU not
be resolved by eliminating the 0-1 grain fragments. It appeared that there were
two areas of Irregular break up contributing to these differences; one at
approximately 1100 and the other at approximately 1600.

The fragment densities are plotted for the individual rounds and the average of
the three rounds, Figure 3, Inclosure 1. These plots show the highest densities
to be in the rear section with the maxima value for steel fragments at an angle
of 1600 from the fuze end of the round, and 1500 for the aluminum fragments. To
show the effect of the wall fragments (0-1 grain), densities were computed and
plotted excluding these small fragments, Figure 4, Inclosure 1. These charts
show that the greatest effect of the 0-1 grain fragments on density occurred at
the fuze end, from approximately 0O - 100 for the steel fragments and to an even
greater degree, from approximately 1300 - 1800, for both steel and aluminum.
Since no aluminum fragments were recovered from approximately 00 - 700, this
indicates that the aluminum body probably caused secondary breakup of the steel
fragments from the warhead.

In obtaining fragment velocities, there was a slight indication of a bimodal
distribution of the photographic velocities from approximately 1200 - 1600,
presumably due to the presence of steel and aluminum fragments. In an attempt to
obtain more information on velocity levels of the two types of fragments, extra
velocity panels (4 ft x 8 ft) were placed above the corner sections of the
recovery area, i.e.e at angles of 450 and 1350 for Round No. 3. These panels
were installed with cellotex behind them to enable recovery of the fragments
perforating the dural sheets, thus providing association of the fragment type
and weight with velocity. However, insufficient data were obtained to add any
information about the aforementioned bimodal distribution.

For the extra panel at 1350, 154 perforations were recorded, of which 84
were identified with steel fragments and 7 with aluminum fragments, with the
end result that velocities were obtained for 36 steel fragments and only 2
aluminum fragments. Nevertheless, while the data from the extra panels did not
enable separation of steel and aluminum fragment velocities, the data substantiated
the wide dispersion of photographic velocities, approximately 2500 fps (3000-5500
fps) encountered on the normal velocity panels for the corresponding angle and
further showed that this dispersion of velocities was occurring with the steel
fragments. The small number of aluminum fragments identified for the extra panel
was apparently due to the inability of the aluminum fragments to perforate the
shell of dural.

For the extra velocity panel at 450, only steel fragments were recovered. The
total number of perforations for this panel was 43, for which 30 fragments were
recovered. Velocities were obtained for 27 Pf these fragments. The velocity
results for this panel also substantiated the velocity dispersion occurring with
the corresponding normal velocity tafgets,

SECRET
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Since no separation of the photographic velocities was possible for the
two types of metal, the initial velocities were computed using the drag char-
acteristics for steel fragments. These initial velocities were then considered
applicable to both steel and aluminum fragments. This method appeared most'
practical in view of the configuration of the round in which the explosive
charge was confined by the steel warhead with aluminum body several inches
away from the charge.

In computing the initial velocities, the representative fragment weight,
mr, was computed as the fraLment weight corresponding to the median of the
number of fragments recovered after tabulating the weight data by weight intervals
and excluding frcgments in the 0-1 grain weight interval and a few large fragnents.
While the usual procedure for determining the representative fragment weight is
to compute the fragment half-weight for each zone, the computed fragment half-weights
for these rounds were relatively large and appeared to represent a much lower
number of fragments than the number of velocities obtained for each zone. The
values of mr thus determined by finding the median of the modified number of
fragments recovered were influenced very little by any one fragment, and exhibited less
variation from zone to zone, than the values obtained using the fragment half-weight
method. For all three rounds the values of mr used in computing initial velocities
varied from 1.60 to 10.00 Grains.

To illustrate the difference in representative fragment weights obtained by
the two methods, the data from Round 3, Zone 6, (angular interval 450 - 550) are
given. In this zone, 73 steel fragments of which 45 weighed less than 1 grain,
were recovered, and 41 velocities were read from the film. Use of the fragment
half-weight method resulted in a weight of 21.18 grains for mr as compared to a
weight of 4.45 grains obtained by the method based on the number of fragments.
Since only five fragments weighed 20 grains or more, it was felt that this weight
did not represent those fragments for which velocities were obtained. Computation
of initial velocity using these two weights would result in a difference of
approximately 700 fps (i.e. 5550 and 4850 fps for 4.45 and 21.18 grains, respect-
ively).

In determining the number of fragments N(m) for the entire round greater
than weight (m) according to Mott's Lrw, it was found that the relation N(m) vs al/3
produced a better fit than N(m) vs m1/ 2 for the steel fragments. The resulting
equation for the steel fragments, LoglO N(m) = 4.943 - .61723 ml/3, was determined
excluding fragments greater than 400 grains which amounted to considerably less .than
1% of the total number, see Figure 9, Inclosure 1. The above equation agrees with
the observed values very well for weights from 1 to 400 grains, but gives values
too high for fragments weighing less than 1 grain.

A similar relationship was determined for the aluminum fragments, Figure ,0,
Inclosure 1, and is expressed by the equation Log10 N(m) = 4.201 - .51053 el/3.
This equation agrees well with the observed results of m from 0 - 50 grains.
Fragments weighing more than 50 grains, for which the equation gives values too
high, were not used in determining the above equation.

S- R
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(s) cONzcLUSONs

Based on the results of this test the subject XK-390 Projectile, Cam 3
loaded having a pearlitic malleable iron warhead of 50p000 psi yield strengthp
vill produce approximately 70,000 steel fraMents and 15,000 auluinua frapnts
of which approximately 70% of each type will be frsments weighing less than
one grain.
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Figure 1 - Sketch of Tragwmentation Arean (1p)
Figure 2 - Plots of Initial Velocity vs Angle (1p)
Figure 3 & 4 - Plots of Fragment Density vs Angle (2p)
Figure 5 & 6 - Graphs showing % Weight and Nuamber vs Weight Interval (29)
Figure 7 - lot of Scaled Integrated Number vs Angle (IV)
Figure 8 - Plot of Aceumulated Num•cr ve Angle (1p)
Figure 9 & 10- Pot of x(a) vs zst/ 3 (2p)
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heWmmut Velocity am Density

Aveage at R*. Nos Is go & 3 Date of Firing: 3D Deo L9590 I2 g5 a.m 1.9W

initial
0 elimity, vo Density,

Dog a -. tee nymepuidi

0 3300 1D087
10 3700 62
20 635 425

100 5050 3D32
50 5050 214,5
605300 2239

70 5350 3.705
O 50 6272
90 20952

100 5000 2672
110 i,650 2735
12D 5150 4.713
130 6350
11.0 6200 1.0
150 5600 1.3

4700 23300
ig3500849

In the epatio. Vr = Ve
'hue and To wre Vroodites

In feet per seoonA, a is vew*t
in sains, kna r is distamne in feet,

a - o019 tor Btandad Conditions

Pecnmt Recovery - 80.5

Anal& W Zags, BM
Dhwma
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ffazmat Ve.oIt, aMn Denuitay

Avemsa Of Me* 5o.. 1, 2, & 3 Date of 1Frlos: 30 Doec 1939, 12, 25 jua 1900
Alwinuani lmeants

S Vel*oity, Vo Density,

0-70 No Al.timm Freaent.s Roeow,.z

80 5350 192
90 1.900 599

100 5000 1479
110 1650 201.6
1LW 5150 i1w,
130 6350 16o
11.0 6200 1.
150 5600 5o77
160 11700 1
170 3950 2238
180 3500 698

arr

In the equation Yr =V e
'iare Vr and Vo are Vw;citiee
In feest per seod, a is velght
in grams, and r Is distance in feet•,

a. 053 for Standard ConaiitionsPercen Rbooft - 74.9

AL lab MW Labs, W•S
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Vraonent Velocity and Density

.Round No. 1 Date or Firing: 3D Dee 1959
Steel Fraosents

initial
o Velocity, Vo Density,

Degrees fps Fregs/Steradian

0 3350 90o47
10 3850 7751
20 4350 4385
30 4700 37o6
40 5150 2620
50 1480 2379
60 5300 1993
70 5100 2212
80 I4500 10205
90 4800 2381

100 4850 1323
11o 4500 2665
12 4950 3985
13D 6000 6649
140 5750 14952
150 615o 19664
160 14500 24927
170 3550 18341
180 3550 12148

ar
Mif3

In the equation Vr V e
where Vr and V. are ve&ocities
in feet per second, a is weight
in grains, and r is distance in feet,

a - .029 for Standard Conditions

Percent Recovery - 80.9

Anal Lab,,Reg labs, D&PO
mar6 WA



hamt Velocity am Densityi

MIA No.* I hate at ylil-•f 3 30 Doo

htl al
0 Velocity, To eIy
os va,. v

0-70 No Aluminum ftamens Reovered

8o 1.50 3p.L
90 h.80 902

I0N v1.50 767
1.0 1.500 985
in0 4"950 1Ih8
130 6060 11.e6
.110 5750 1.070

150 5200

ienxo 1.soeo 1,8190

3550 17
3550 85

~in te equto v =mi V0 0a

In feet per secand,, a is veight
in Uslnoe. eM r in distance in feet,,

a - s053 for Standard Conditions

Percent Recovery -83.2

AmlZ w imbe w

B-23



Fragment Velocity :A• ensity
.Ibmd lo, 9 Dateofs Fiig 2 An 1Z960

S Velocity. , vo Density,

0 3350 9728
S3500 5061

20 300 3973

2757
50 11950 1728
60 5200 2522
95550 2136

5050 5267
90 4700 2163

12 5300 2461.

1110 6700 18385
m 53Do0 546

1303 6400 637o
1.40 6500 1385
150 5500 11825
260 4l850 2"50
170 3800 13052
180 3000 8975

"•r
In the eipation V. - Vos
ihe Vr amd Vo are velocities
In feet p• second, a is vew8ht
in ial and rM a Is distance in feet,

a - .029 for Btandaw Comitia.os

percent aecovwey . 77.8

Anal Labs SW labs, P

ww6
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POaSt Veloity and DenOsi

ROUA No* 2 DteotftFiings 22 An100
Aluminum Framents

initial
0 Velocity, Vo Density

0-70 No Aluminum Franments Recovered

80 450 ~ 116
90 14700 370

210040
M 0 1739

130 00 1333

150 5500 5o
0o 2738

1~03000 998

In the equation Vr V Voe
me Vr d are velocities
Ia feet per second, a is we•tt
in imlns, adM r is distance in feet,

* - .053 for Standard Conditions

Percent Roovery 71.2

Anal I&& kW Ibs MG
Maro 60n



hikamt veLooity, &A Density

smaA NO*3 Date of lizifts 95&a19(o

0 veloolty., V0  Density,

0 3200 U2085
10 3T00 61a1
20 5000 521.8

605350 2203
70 5700 2007
805900 2763

90 5100 17411
100 5300 1,232no 14800 2659
120 5100 1,689
130 6650 13868
1140 6550 13813
1.50 5200 122426
160 11700 28522

1 4,700 U96

ar

In the equsation yr uV,.
%here Vr SM To are velnoItles
In feet per seoondp a Is wW~
in gwains, SM r is Gist... in feet,

a -. 029 far StmAnard Conitimos

Permnt bROWqW ft

&wA 60 MW&*e

wa
iac


